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'0 1'Ip~ I,. """aUc .......i... or",. IU' J'Il"""T cldi...., '>-" i'I"""I,.t ALuci.., o)1irdcr ....i'~. ,lr@Ioring
of <i&h<d1poJ' ........... ""....."..,.1 ,.. po'" .1" dI_11"_. mft Ii ....._. ott!lc 10_10& os ""''''''

in ""'''1, Doring """",",,,I orC 1and II, III, """',_ ..... Fl"""'''' lode," Ill' pOIl",'-, "","" FII..... lI1d
moldIi"llIb:d....-rl:~ dcsilll"'l '" doli....,... r.o~ \II pot dipole pol"11 !T<q"""",or 14<1 MH.. Precpa""",
"" ioo i•• ..".../f"",...... """"'.01", ond~~ """". HI....~........ 1mlII1... """'" wid\lto..,<1
>10> F'h"""'l10!l depUu. A "".... IloII...... uoall" """co corallllll"", hoi "Pl'" n:I '" I.."",,," oh: nd,d...,
Ollie..,. or",. ol•••r;,.,II, iiIIort dIpoleL Wawr I. an Ideo/_I"'" medium for FIm,lIad..:o1a1

JlIOf'I2Il.. ..,clolK'ly"'_....... or"""., <1"",,1. '" lho "PI'lIod ""'iJ'''''' be po'" "'" 1."'0'.
llnpoDan<2",1..-..0 ond """""" of.,'Clalglh .. dickdl10 inbf ""'.. roll",.,,,,,, IIICI hill ........ ..."....

"""" lJa>. hi"" ""'" _1<)' ond i• ........,.r<r'C .. """,II... """"0.1 eool ,,,,..Idn ""rf-.

............-tn_
~.-n. T.-, ,ali.. '" C••_ 8.......... llaulrI

Inr........,., ""'", _h 5lJII_..<I lIIr'goI: .0[.... of. 1""1"" .........llIaioal bl' UTlllzl1\ll corrq>Jl<d"""~1

Icr'l Or """"_I... 1"'...."<1 "","'1'1.", .. iiIIo_ in np,. J. The 03/WTII& lDlIIOf. l"""led in Iht ",,1<01', 10_
I"" I.........JIdod ~1' _Ilolo' in,ido. 26 ""'di........ (0......,......pM. 1 "y """'icllar. '110 J'IU'"" I,
"'plnt- The tu""",~ IsI~ br hh _ to <IlIo ,'IIlldy. """ 1_01 ............... prnblo i•._

i..., "'. '"rro:>r III"d ..rrourohi Iw:lIIIlhy n- loaIlll"Obo:I ...... .....t1C .... flmI "'" .IJ",.I..I"" mol .

,< '"

-
':-=,-,.,.,-



--
_Ja-__ II' ..............

DuO!l> .... """"" _ Df""",,_ 3D oI"""'mllllM& IlIId t'...",d si",olOlticn"'~ 1"0 '05,.-...-.-
p1....inlof"""'pl.. ho!=!PlCOl" 0.... "'lliom ;" <mit ",lIIbI.. ,I"" !he ymd U _I......

......-..1 inlo Iloo EIo! ""tva wi'" ~1tII1F""""}" Ilnd 'l""illo~bn tSAR) di!llribo~b"'"
"'1 1 1M. iVJI. d1llribu~o"' an ""'" tc ...~....I}' rod inlo.1lI .....ro. """orl.",..__I

ool lO 1I'OdII'" ""P""I"I JD """............ d!slribull..... ln III. u......

Slq> I: u.. 3D FEIol ,i",ol:!lor (HF5~11O ..,1.. for EM fioldo I" 0.. ""I""",mr~

Slq:l2: ...... h ~Iot n.M In"",. 110m HfS9 i1llO I!lc 3D Fe.! d"""""),,...., ';"'01"",' (ePll-"""l '" pI'04lI'"
....._ lll.lr1lIlolion frum bio-lo... _.f.. l:ZjIl"I~"" ""1.110.. ill a.. ""1o,,," <>I' _ wi'" ..........
1""'1"0.000 ..10"" thol bndls "'"~""'81'in 1M""" ""nnw 0",,,,,,,

ill rl"Gu#l ..... 1",""""",,,'"__"'" po..ibl.. olIo. '" 0........" u,..,. pIlI'follon ""'Iell m ......ally III>l
"'"1"'",,11 duril1llllalrn.... ,_ g,tJI. ..dCIIJ ,...p:raIurc ...... torlp~ Inloh.... pre-p0l> dDoIIIlllnd .....,id

....i.... 1"o!-lPllo. They-'Iow lI!I:hnici.... ,,,<It\aJni ~ltendol ""'lJIiflodc ond phalli". willI/> .... u!J1ll 10

"""""I boom -.. Sh.ollll".. al"" hoIp "'Bl..-.ICll._.~II...."dosI.,..1lIId "",.Ide odlIClllionaJ II'IlnhIB
lidli [or~tm...' pI....lns ""'.m;>lId.... oropllo.... h$in@_"gl1l'<lion.and '""<*l....
In I/li. 'fiody.... oI_m"W!flO ... 1I",.",odjonamic cu.';mul.<rlon "WftI.... " .... """._1I..... f"'Ipa1i.. and
...u.mr r",,,,. co:nplae bu""", body_I WID ..,""'"'" ..... <Ii"'" m ,n.. o\~l.. "'""V
c<chiInso__u.. po_ doll...,.1)II<nl ...d lhc ",,"or is doIrnninlli In ..... sl<;>l- FI .... a JD. 001" .........1

d~o 'imolaaor iou,."j 10 pndollllt .1,,:1';' n.1<I In ,''' ti..... "'II"" ol"ln_ (dlel i. "'01..1, lb.
SIll"'" .1"";. field ,dlo SAIII'1"'lO _"810 illo lollo";nB~IIIo":

'"

".

YIfon a Is ,f.; llooaoodcarlall corddlvl'y, p;" u.. ~ e dmalyand E""" dedt1. field, In l/:Ie.....-.lolql, l/:Ie

SAIl <I0Io IltIm ...d~eII<.unoiBlor ic \la "'1( "'. ~.. "iiJ4),.,~<oI"",laaor Ilnd ,'" IlIlH1",lnueiC...
"'luOllo" 10 ..,1"'" lor..... In ""'PO""'.. (1l.TJ;

"""" Tis"" .....,.,....re ("C~ 1b "'" ~'". (s), r I,u.. I""'" denoily(i<&fmJ). K II ,'" Iha'TIIal o:ord".ivilyl""l\m

, K)l. 0 i' tIIcr 'i_elf""'ifiohal (J.t~ • K)). F I..", llIood l10w on.or "..,rusiOl'l (m)l\lo..o sl)1lnd u.. JOOscr1p1 "b"
r.r.... '" 1lI00d ThI' .....1IY .......1E'l"..ion 1) rei... "'" Ii.. in tnnp:nlure """" 'Ime 'l.lIi re~",noli_
10 oh< _ in"".. (po_ <!op»ilion or !All) Ilnd _I...., fm," ........., aud,"'I"" ..,d _ ian (!>load

~~""). IVJ""; II bo """'" in 1110 .... ca. """I" """"". !he b1""d peo'l'""no [""or !"Of"""'" ,'" IP"O'<Sl 5011""
ofnn<Zl'lainly. -or Inl~ol ofmulorl""" _"'" '" b'woI<cIl/:Ie~""'8' of",.--pIO'f",i"". 1'1/f1l....#

,"mrnllri... ,h• ."..,..1 ,""ulOllon _g,\'.



'WII"j, .... V"!driQn ofo e.m-r-ciBl H)'\liIO de"';1 r"'lrn!rI PIIl1..•

.,."..,.,_=,."---'-"''---,·nr.==='

I
§!-=== .= ----
Prua:dureo
Slop I, P__.. EM MIIIloI oSImoo..lilln

Th.owIlt:B1Dr whh)llliml dlp'I lOoiJls , ... I\:ed ....-t _ ~III dro.... in Ime;:I..IICll1 CAe

prollJ"l'". Tho dnI""nll ft , Ior.od i"'lI'r1:!I:Illllo lhr de:t1OlIlOjpBli 0"11111100:>" The """"llUdo: ..... """.
j~u \11.-11 <l/p'Ioo odj._ rtJr ..,0;111.'" tu"'QI' r""".. NeB,.!lllII1<I1 rora..:.r l~pcmcnt hOIlllirl bod)"

modo:! wa ....Iod 1'l' <h. E~ ,IIIIUI..,... To~ ,i"",leI"" ti.... 011 ,.".'ftXIIIl11 dl.... b<>dl'<lImpononr.ill"""
hoa<I .... ""'" _doof_ (........t otT)•

... modol of "'. '""""""_". Iq lIlOrl!rIi~ I """'""" pall..... _ .... """"",opI'J (en

diu!-. irrlo which Iho ..."" "'""IN h"",.... 0I1JIo ~,.....l_inn. 1lIIOdCClrbl propo'll.. _",1OOOd
fo,~ """.,.-nI orlhr.,odd mid lho EM lIInIlIl.r!cn IniU",,"", 1looFf.M.~ EM mr..h,,,,, lim pro~<n •
__ .,.." lbr _ft model """'POII"'I1aI,. .. odapIj .. ","",;118 oIp>rilIIrn. Thi. olggril1m ..\IImBlJaJI1_

III"'" _ III~ ""P""i""';1181..." ...In IJIo d"",,,. mid m.~",lio Oold qI..-ni Ii.. bc-'08 ",1'Ied. 0IIcc

"'" mc:oIllo .""'pI........ r",ld ",1'ICf ",Moo ~I', ."I".ioll' 1'0, <Ch~II.

Tho ",Iwd 3D 5~ lidd 111_ ;, """ 'iob:d (_Jiflk<sfi \II lho 10~Ic",1_. DaI.o li.KIIIS BIlo""

d'lBn1l"" ....... 13M PIIOdcI, fOr ....pI pliludc:s ..... pIlBoa fod 11>"" dip'''')lIIi,,- II> be mllomaUcullJ 1I;>:1aud in
u.. lD 1'E"l Ihomlod)onaml<: lIIodd, 1M IUIlS ffcld qulllltili......1... 0'" \0 1""'1.... (ho!lAR illplluln lle

11>.. "'toil"_.10 sirmJlatn,.
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The rt"'i100dj."",,1c ,Imuh"", u.... tlIoo ...... JD oppl_bod)o mudcl ...... EM ,""",I...,... A .""h ;. pma.<al nl

[h. """""""""' illlig _ tarMod:ron .... dco1 l\JncIlOn .ftlme. 10 mmplol< .... -...od)onoml<

modol, """";.1 P"'P""'i Incl.alns .... "'-1'1, ' 1"",110..1"';11 nl.,....I'10 ...... Ib' _ """""'_ "In

...lCred. n""" dais -.. dort"Cd from .Ii,,",,,," -=nl """,..~II>lI".4p/1ftflU,..1.9 .",."." I ,.,~ or

...1"QIIf'FZ"Il""l in l1Ic li_rc. on ~ ,,0100 dort..., Iiv ""'''' !IOIl. In oddtIJ,... .... bol ....

..... 111<>110 I'om> • mn....' "'" Ihawlol .....B_ on bot'" Ilin>rnlli ~ >010",","" no n.'

""""'" within "'" bolul, .. inlel'f_ \f<l"Zd a>.-.I~ 1m"""') ' .........lU f24"(; ....,~

B i,. blood perlluion ...1.... """" dcri.... """,. II_~-..dI ond .,.,..j<al in '.l\J prv';(jo

• me 1I,ii...o.Ei .fmoll.. ~..... porf"..O" dlri"ll_-.." ,...- 'I"'fo,i"" mod.I
"""~Thi._ .... _ on porlll.loo daDo of. om,', JII">JWt !'loft, "'" c~c/f.IftR",,~0fT1l<rmd

EJo&i".ot'ing. t\ox:o"""B 10 "'" model, .... porrosio" ..... f, In~"7, _ ","',;pllod l:7. ...
dcperIdorIl faolIlr lllllgins f'rom l 10 I.H. IN. """pcndlInI dIpoidonl "",III""" modo! __ ~__ far "'"

clinical ._Ion ..... porii",'''' I,... in """"n_ "' ...... ""';"1. '" aOdi~nn...... pallloam f.r lIIo 1Il1"

I",.,. """ ....mod III i""""'" by. """"" of"~""'''' "'" Itln 10 -....d.H_.dlI. ill 1110 11 .._ofl"-
akin, lhf' IlddILl<nll porIIlsion 1BII1nl••rrCCl 0Illh< oIm,,!MIoo _II•.

111. nrsl """" ..... IIICd ... bucUnclo de......;"" l1Ic ...~IIIIl,," _ .._. en.." .... 11.."1011011. ,110,..,

~o.,ly, l"", In .il. pvbcs ozed, Tho 11nI_ I_tal _ ...Iy ,,""'In"'" '" .."" 0IId ..... """,nd pI-=o:d
In hcal"'r tis••• Lo .... I.n or tibln. 0.....1 ..... Ii'" Ia "'I,""",,<lf~. '''' tIN, d1flOlo poi.. -.. "'1_
"'''' cquol ampll"""" .... pIIBsco" j+a MIll<.

Thi' ""alnR ruullcd in. b:IIm .......... rocu=l <:a1IJ'BIlyln .... ",.ghly qllndrtcal ",I.me or10_ h..scd "'.

",,,,,oro:llnR U IIl"'''''' ~ly,J ClCCpl" modIn.d br""'""'!lfOIl"O'" clC<VlcaI 0IId Ihcrmol 'i..... I <i<s,

e",h "'" _lIIyd and ....1-' ~.......... """""-



,....udII tho V.lidation of. Comn:'I'ciol Hype<thmnia Traonrrr Plm•.

The _ .. <!lIlillOrlho in siN 1""';"" Is """'l'"""llo u... sim.laI1on """,110 .. flpR! J. A..... lho ",""lIIIion

........ """'" In lho \ObI.Mlllc temponPl"'oi:p;,doo," modal ......llt<lln ,ho ,illl\lllElon. A high ""'""''"'"''
_ Jimol..;.., Ml .,...,.......... _ (""lid for ""'" 1Ic ,"mo' onO tho "••II11y ti...... Th... """,111I~
...,.,unginJ ..... Ill. ,n.....p/lJ.. '"" obl. '" IJl'l'O""'II<l II ..boo:pI..". mon ""..."... <lln.i<:ol,nai.

CII•• II

IMU..."iURIMINT JlMUUl""" I
-' 'f7W •l..

I
,
• ...
•••

i ••
I I

•• • ,. .. .. ..
1WE(MIH)
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In u... sa:olEl c1in!<al "'"dI, an a!lcmlt _1IIII!l: 10 Illllil'llOin."'_ ""'IDI'.'" rl.. In d1. Ullm, by iW,;.otlna
u... ",tal input P"'"""" '" u... dipole PII" <!lIrlnl Ill ,...,~ .... _"" tho fIlut dipole lEi.......... dfi..... 1'11111""'"
1"' Ml~ for lho fl'III1\OO mlnUlCO. JO W "I'lIlilld 10 CIIdI oru... lb., Jipol. poirll. f""" min.,"" I"'" '"
n 20 W'*'ft "A'T1.... !01d so on as i"""'""'l in "..,.. d, Alter "'" -...nt, u... ~fod po...... """"1l"5 ......
,im.Joo:d. .... _."- I, rairly ~gMall,..lolion bot_ m__"'" simal ..;"" for tho n... 10 min" ..

Thcr'ca/lo<. rot lI!'P"n,i""""l, fi•• min.,"", tho~ boRI" I<l df""'P. E.""aolJy, .. """"'.i.....l, I' m;nlJtco,
..."..." n:align, b,,, willi .''''' <logr<c ocponIIion,

Aller ",.dying lho d3la!01d '1Ici, ....,si~'"'l)' '" ....ion. poraIIIC\CrII. i' ..... 1"'>""loled IhaI "" .rrod ol",""lIl,ion "'"
JliU bcfnl".m:..";m~wil!l tho lanponIlu" dlljDldln mn<li::j. """""l""'l aim"I.;nn _i<l_
porfollrl"d 10 ""nn"" lItl. ,",ow.

CASE'
ruMORs SlMUlAlION
TUMOR: MlASUREMENT
MUSC.I,R, SlMULA110N
UII'ltrll=. UI=A'ltIIDII'MI=NT
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Sin"" Til< ...,Ilivl!)' ".dyOlPfWllll, ~Inlo:d It-I"'" OO\'fll'I"" ........ ,..,... "'" 10", -.d oin"" <ho...... nol """ugh
;TI!tl""..I"" "' III"h... o11silaJ modeTi"ll or''''.pl"".".".;.. IIIII! ""'" """1131l1;0 Inll. '" IlenU•• "".. "r
';mul.\lo", ..... """""""" ..I,h In..--I~ ~si,", r"""'n. A'"""'cdl"'l"" ..,' in Ill. tlCPll'el8lion in C_II
...... o!l.on''''' "oill8"l""f\>olOll ..I.cllloa -. do'DIe Ih> ;1I11iaI ......,.. Il<>ltI ,..,... ,....;mul.l<d ........... new
I""r"'I,," r n IlIId ooml"l""'l i<J "'" m......red """I... AI ,I"".m ;1I1'1r.~ 1. bolll """" do1nOIl.....,.... ma.Ilo<l
1mpot>\' in "'" c<n'IIIo<i"" "r ,imulclo:d ond ,_red-'

DIe"",.,.,
A numbor of 11I.",ugllll..- pM...,.. .... ...-1118 'NIIresl11l j"....I ..lIa~)llQd... ii1lc ill 1/-0 ~lI!I< ......,..,=.
Crillo>l ..""nR II1eo< ;.,11< <li:od"pn<nl 01 ,..,.Iiillon 1001' 011"", ellnl...... "'" OJlIXI1N"lly i<J op~mi.. "'._
<n""S" ond ......... p81lonl hol ...,IS. Trap'red I»' Illc 11".1 ,hol_ <lily~ ...111 too able '" ,"""IIlTd,,lII'Oili<I
Illc 1""'1"''"'''''' ~i,,"""~o" Dof dinb::oJ ~I."""",,,,, f,,' caeh "',;",~ m,,"" offor' .... boon dono In
<ho~ .rcom!"'... rTI<ldolin8 "m.loli"".1 AI"'1"<d In TN£; l41iCf;T0<lC<>Io/fY (","!jUol, )OOn MTh.

8Il<ll1OO'l2:41 P



~1IaI '" <:OmtIl _ dlfll'lla/.'i<- in vi"" ... been ,i."ir.aIld11nlp'O...L by Ill" ....Iopronn of plaM;n~
~ ...... 0............i118 \<",1..b Th_ slrn"I.~.o"",I. , .. oJ", bol.... uti>! '" ."i." _ oppllClllOr1I11d 1/1II0 Ihc
_, ~ionofmcdlcal , 01""3-

To odri_ """" po, """.....,."'" ,"",Iro:l. Tho r.~~ J.", cIllamJ.. l/lo E_r"'d dl.!lrlbl~oo in I""""."",.,.,
<j ...... ""'Ith. _ """Pled with """IJII"!I .. ~..... propcrti... di!lo1IIi.... l/lo 1"'_dcwoilDdl"'""nil ""h"." or
"""" (SAA). SCCondJ}', lUloB the koowlodp of >pIlIoJ rol~".,. dtplI1dcII\ SAR di ..rltallion. ",.pled wilh l/lo

""'""01 fI'Opol1l.., on< all pn:dIOl Ihc 1iIId """'"Y"'" ""'porulwt di".iknl"",. Ioloall~.""" IICIldo iICCU.....

~.... ."..;n. !IIIIIOOl 10 ond ph1siulogio ,1_ udoI, ord <:<Imp...._Inaof lI'C 01_1"" ord ' ........1
~.. uf",.Hpillllm """,urolln" healdr)'Jl ClCllliy,,, Y<r1 ""rnplOlll1lOdol i, ,"",lr<ICI. Ho_er, "'''''' 01"

Iho aidc:al inlll"""io" I, no, "'IIIl""'dY ..., "'''' ..blood porfu."... SlUd 00 blood perll,,"uo 'n '.morl
"""w,IIII ,ho "• ....,;.. lIIgnlftourll~,.;th~ ",.., .. wdl .. -PM"" OIhcr ph";olosl0 _di~..... ' ,

Bu' '"' """"~ !l>r~u.... wmo. <:an ho loadllcd llCCUnnedr In orall Ill... -... Iht.~onoc:al
'illllUO....",..wro 011 ",u,oI" pct1'uslCIIII. Ihc ...."'" It> .....,. R",""",,, in lIli been '*"'" by di",",""
group'- Tho 10_lon u"'" IItnlin l\Jr ,""It:m~~""orbloodperr.si"" ;, Iium .....CRf' H_""l
ofT1rt1ml<JJ £q_I"If, This ..._ fI'O'<id'... r.... perfb.i<ln ..uhipll... !I>.dop' f'I'OoS'3II' O"<r."'p "r
lcrrlpcntuoa. In II••.'IIIIdy. Iho Inilialporfbsion~ 17 JlI:'O'"lIw~ ~"' ..~ JQ.6'C ord 51

pollZlll w"'"~ro =dlCIl41.7'C.

C""c:I....01'" "'i. SIIld)'. ,1Il>'I'd turpled .I"""""'''l!"ttic ond lIlcrmal si","llIIon fI'O........ i, iblritallllll """,iii,.. JO FEM
oleuro'""8"odo ord !hcnIIod)IIImlt oI",ullllO" with ..~ "'.... body""""," _ 11..,,"""""' __....

.....0 ..;" II""IIIC'lry ond "", ........-II"IfdlllU.-,I... Ao ....m¢oo ofla, dopa"'o' bI...... pcrl'u'ion
IIlIII been i...wpBl. "TWo ollolc:al h""""""'. """""'""" of ..~ ..~ ~ __or!he 1"11'"
,; ..~I.ICI:! .., """,I .. _JIIR'Il '" si..oIOll"",. Tho ","ISi_ of .i.."_m "' Ill........ _ ... olin""
'" r.we. INRI> drs- or",,,.",,io. Irblood """"'510. I. ",ooidon>:l, P"I'1"1lIll. imp:>r1lllO:O "fpotf\lSlo. mudoll.B
f", dina WiOlll""•.

.u..._lhIg_crto

Thi. pn>i"'" _ ..."" byNIH IP""'" JI'OI <NIH7~'. The .............. Id lib'" ""P""'" Illc;rllpll"C':l_lon 11>.

1_"Ulll_ or""II ~ .. Do.. U.r....i'y Medlc:aI <:"""'w'" JIlIIIidjDl<d io ",,111b:roI;... rffor<o "'"'

"".lrila/.Ied III ,"" In_lpLI... r<p:srlicd hmo. Tho r.... "'.... a1.. grIIlOI\IlIy "*"....I..... '''''~ord1loIp/\II
dll",,,,,I,,.. ""m "'" ..__o_Il"'"P"~air]>.

~r.........","
I. S,B. Field ord J. ..... Hni Ao !,.""dlKri"" /rJ I~' p,,,,,_Aspoo" .fCllokal H.",."Ilet",'a. IIilIllO' Beoh.

1~911.

2, I, v,<l. 7.1.<_ "H...."Illl'C P,~.,,,, A Pm,.;,..... AfP<I8<t1.- M"",.qfO"roID/fY, Vol. IJ. No.8, A"gIl" 1001.~.

111J-"84.
J. M.W, Dewlri"" L. 1'r<l5ll1cr, O. Thnlll, O. """"""- S. Closg. C. CIIoIrI... J. I\jllcfnll. G. R<l , T. Sillnoloki, I>-

GIJctIc S. U1Ruo, "tl)llCllhcnni.1l-III'''''''' ur MoIi....' Di......, Curr"" _ ........ \'1 To""'" Ill.
Futuro," S ilKrt orr Otto%sJ', Vol. 24. 19117. AI- 6!6~~J.
4. AJ. t' rol GoA. Kin.. ~Adilpll'"Roo:Ii"lt"'lI'....y H""'"'~••••"jh"'i. ""-d-anry Syo\<m ra. Imprnvcd CIII<ZI'

'Ib<npr Ph..,,,,,,, T1Il"8'" M....."""""'"'" ' ...."""loM '*""-, O//fypM_. Vol. 10. 1994. pp. 189·2OS.
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An~oft HFSS Analysi~ of Specific Ab~orplion Rate for Milt Phantom
Mea:!iurernent Standa:rd Outlined in IEEE PIS28-2002:

Rec.omrnended S~danI fer Delern:dnine: lhC' Spalial Peak Specific Abwrplian Rale
(SAR) in the HwnllII Head from Wifeless CommunicBlion Device!: Mea~nlrtlllleni

T.:chnique
M!lIII..... H, Call1lllC'll', PlI.0.

Awli<Zlionl Engin.....
........~ COrporariOll

",oonJ!!!C!!S@u!oofloom
412-2~1·3200

The !able below summerlzes the dam from llR AIl'Ioll. HFSS ana/ylib offlat pblllltom
models llII described lnlhe IEEE draft !ltllndard for SM mellllurements.

HFSS resultli: Ccmoored to mCillured data ftom Table 8-1 OfDaoe:r

,~':) Ig SAR
" "" I0& SAlt 10t;SAR L 8AR fp LSAR I\> l SAR21'l1l l SAR2.1Il

""""'" HFSS vII M"""", HFShll """"'" HF8S vII """"'" HFSSvil
'00 3.06 3.0S ,.~ ,.. 4,63 4.61 2.2~ 2.16

". 4.98 W '3' 3.l0 1.59 1.57 3.28 ".
'" ,.~ '" 6.26 '" 14.71 14.82 .~ .~

'00 10.98 10.95 ,.~ '.00 11.01 17.15 5.47 ,%
,,~ 29,83 29.71 IMO 16.48 53.90 14.23 6.54 6.35
'"00 39.36 38.81 20'" J9.99 74.39 74.14 6.85 6.36
'00' 40.97 4M2 21.21 2UO 78.02 71.96 654 '.M
~" 'H2 SS,lS 25.42 UJ9 lJ5.00 115.74 ... 7,49
,"00 6S.11 65.78 26.41 26.42 JS7,6I\ 159.21 •• 9.4l

In~ thl:re i! excellent agreemelll:~n the HFSS simUlOliOllll and ~nlll.
The possible excepli\ll1 """u1d be the Local SM..oove the reedpoint. lltis is likely due to
the use of50 n lwnped gll;I SlJun:eillIlIllR approximlJtiOll to the boWn kad for~ dipolCll-

Included with this report ill a fu1l~~ HFSS vI projel:l with 9 separate HPSS
simll!ation:l. T""" symmetry planes wt:l'e C'Xploibld to rel1UCll problem IIiza.

Relevant data for the analysis can be found in the paper:

Material data for brain tiililUe: P¥ 39, Table 5-1
SAR resti!!': Page 70, T~blc 8-1
FIlii phanlDmlllld dipole mcvun:meol parmtlClen: Pose 70, Table 8-2
Dipole dimensions: Page 146, Table O.!
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SAR Assesament In a Human Head Model Exposed to Radlatton
from Mobile Phone UBlng FEM

S-SeoIlm"......
~ UniYllllliry, !!IOQ1rio

E_io:~Daponmonr,

!Iobo!<,l........1'R
~·.... I~IIllkm@boun.......lJ

B. Ozll,oy D8m/ltlllek
D'ilfuil'i Uni.....I\'. IIlIIllIIe of
Il\I:IIdCllllf.II~BcW;

lanlllll,TlI.

Avn\ II1Qrg....
Bo~IUnivailJ'.~

EIodmni<:E~ PtpilBEiiO
BcW; J--.1'R

M hel
ft l.I """"""" III bo ahIt III 'iI/<IIIIIIY IHNIr 1M dbsrHpIton of
<I~"""'Ill' In tJw ItutIran ho<i)o and dw~
/ltonIIQ/ <}ft<:I. b: /hI> ""* ~ sp«1/k~ """
(3:.lR) of "'...,on"'i/,011< -..JI- IP/ObIJo p/JtJNJ ...
,""m-'-d_~
A;r it I> ...,~,.,1Wfi1n1r rho "I' :I .... '11 on"- In
,,!wi. nr. kun/t:IlI '-d tIIIli "'" _ ...tftItod /II 900 MHz
.....~ fn //llt~."'~ "'"'*l tI>.1ngk
~ and .... '- "...__by ..... ilg/Imt fiIsIr
F~ Snvcnn~, wIIkIr enrp/"J'IlhtI~
",.",.~ (F8M), and I!ro EM fJ'l'IIV Q' ,1lioIl ......
01__wkvI<rtOd by .. c++ fJ"08I""I'I. Tho.-lo __
~ ...", lito -moftIN .fUd/e> br tIN II~...J
"gOfJd ....'_ .....abI4lned.
To~ ,1M~ of1M IIWIItod, " ,.., ,.,. _

~"" """ tIN """'II .......~ wUoI' ,,,"
~""'" ,...,llJ <t/JIaiMd from "'" In WI'Il .....,1 :I
~1tJJOIl 1M..._...
SAlt, !'EM, Modolingofhlll:llllllad, r.lotOlI:"",.

INTRODUCT1OlI
Tho ""* l""""pII:d. dIOc'l !1f I!W -e' <10 l>lologioaJ
_ il Ibe b2U""'_ of......, eo::I!ttDI the d_
irm boo .... tiPcIio """"1!1 of .... ob......... """"""'"
thcnby jlfOCIuclD& • gmonl -... in tho -. Tho
~ .hsorbcd by tho __ ,.;U~ • =...._.
rioo lhal ill depcndont onlbo cooJili~ oflbo __
n.. pIlIemI of the lioldo pmduoi"l! .... _g ...~..
tm_ !1f 1110: ~, 1OlIf\::I CQIlfIQUflliOll, lioIue
po","", a<I di.I""" p"'po<lios of tho 1lmIolI. Wban Il1o
1/lCmII>.loIoIy ~lIty of tile S)'IlCIII ia =eod.~....-
Wb"". bl<>loPal >yo!IoIl1 i. eo<pooed to ""_"" tld/1Ii<o,
an in1mloJ Iiold iII~ in Ibo I)'i1eD1. To calculation of
l!Ii........ !leld' i.....0<1 .. "'*'""'" [IJ. Tho
elOClJbf1"liptUe CIlCIlI)' obootood par wIit IIlIIO nf _ i.
oallod. apeclfIo.boofplio<t """ (SAA) [IJ:

•
SAR"E/' _ (I)

~

""""": 0: CllIIduc>iYil)' (roO'" 1m), p' dINiI)I or Ii."",
(~ 13,: illlllllill,;1ccIrioII ~ekl{V""'~

O.ll103·1264-e.mtS11.00~ 2co:! IEEE

The dcvclopIIlCIlI 01 modcIa 10 ~I.. Ibo _pdun of
ol~~ ""'"lEI' ..... IhG pIIyol'*'sio
~~ ib' lbo la'IIIIII toc.ly ....po"""'" ll;I: __~ _ &lUdlca ... 0DIIllIlIIIizmI
bcni .. lbJ1lJoro:
la 1986, N<Irw W. Oo)'ClalllUdloclllll qIIIIIIif\oatlOof1llc
SAA-paIImII in .... IDO<lcIs cxpqro:I to UHF rnoIrilc
_ ftoldt 1lII"I 1II1IftI08IIIlhY,~
lempoioboo .......... _ E-6oIIl oonsilivo diodca [:2J. Tho
_ DllIIlIitioaa j",,1udcd IIIIlI, ......... ...s ohilll .......
in diIl\IaII poaiIIoaI. lit Ibis otud)', l'uII"'"~
.-...wbidI. ..... ffllocl willl~ p11w..trltlfoo_
<lid--.cpropcnica .. bwlIan IIIUIelea, ..... wed T1Ili raru/l
of dill _y ...... ''Il:1o _...-~ C>lUld bo""""* oofilIy wid! nil orlb: ANSI Rfl'Q"'pIlI'IIII pida
ill ,......ol'bodIpowor daIaltyIIKI_ s,u"
III 1000, Nitila el al studied jii"'__•~
9plaioal Hcecl Model IIKII ftnito-ionPl d!poIa _ by
lhc II\lIlII:d bQCl'l 0II1bc~oftho 0-.'. 1'oII<:IioI1
mel/IOd. willo Ibo MA8 (llWlbo>d of=iliBry1IIUmII) [3J.
III 2000, MIII(IiO\Id et Ii. the~
lIIC1IIocl of-. (MoM) FDlU tbrtllo oi_ nf
b h,iOi_ ""'" ","'1.. pll-.o '4}. Tho R'IUII. or",.
teIII ;n CKdlOlll ..........1 wtt1l p"'1Iallcd fa",," ond
""JI'ClIdcI1I 1bIa lIlIClo>d _UOdJI fur IIIIO!p;ingoo~.--011 tlIo olhcr band, IIlOIlbl _ I _ ...... IIllIdylbg
1bennII oIl'ecII """ _ll"I "" lhe _, to _ of _

studies, W.3. Noyca IIId aI.~ lhaI .......... -..
ill «I<hleor lO'iljlCl1IIIn (3-4 dcpea) of~ <lid "'"
~ m\asiblo rhonnaI <lamIp to Ibc _~I.., ......
bUr ocIo ($). W. Kodr IIKI aI. SlUdlc<l_ of-..w
_" In die hllOlllll """JlOIIItwI [6] IIlCI ...,....r ..... h
~ d111\Jmc:n 1CI'OIi' !he hol'izoolII~
C'IIlII IOU 01 sbotIer <huaIioa 1lIIa tho lbooIuto~

-~N. ;1_ b....... lbo IIlUdieI OD~ lldillion of
oclJ... p/Icmca ""lbc br.oaln brad pe,ftnadoiJbet by
\lIi:Ig die 1'01U, I'D, __ Moclo>cI <K phon-. In "'"
iilIIdy, lbo FEM waa..-l" ww..,cd _lbo~
The cok:>IJation nf IIIn lntAal fIold .. ililfiouIIlu ocIRvc
IIooauIc nf1DlII)' "-"'PI!_; dIcrdoro, IIIIlbcmo1lcaI
lOI:IIIIiquos 1bat oonoial of IIIlIIlIricolly tolWJg Maxwell'.
eqIIIIIono are generally .- !ll tho """""*" oimuIalIon. Iii
tIUJIIOricIIl Wlml_. M_lI'.~ 0111 be solved II

..



• "" of 1IDeIIr ...,..rioN ~ _ i_n or ~ ilmIrIift
le<bo;q.-~, _.. i<aI_"'<mplo;Jl"'d'
I.Tho_~

2. fiui__Of fioltll dil1iln:o::e.PI" ' ...
Th. F'imoo I!........ MClbod, whicll _ .-lin. <!lit .,.
""" il> orig;" ill tho mid qf -"nI IIIllIIyoio. Tho
"l'\'ij<Olior! <1f FIlM bcwola oqior witll lho prublnno
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